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Proton Driver CD-0 Effort

®* The Fermilab Long-Range Planning
Committee has (nearly) Finished Work

® The Linear Collider remains a long-term
priority.

®* The Short-Term Recommendation for
Accelerator Initiatives is to Prepare CD-0

documentation for a Proton Driver by the
end of the year.

® Collaboration Team Being Assembled
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Three Possible Approaches

1. Adiabatic Improvements of Existing
Booster, Linac & Ml

(... will take place at some level)

2. A New Booster Synchrotron

(... the backup technical solution)

3. Superconducting 8 GeV Linac

Main Focus of CD-0 Documentation Effort
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ALL FUTURE PROJECTS

DEPEND ON THE SUCCESS
OF RUN Il

(...that is why a year ago I switched to
working on Main Injector Beam Dampers ..)

= A new Proton Driver is still the best
realizable project for Fermilab’s near
term future.
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Adiabatic Booster/Linac Improvements
(partial list spanning 30 years...)

® Linac Energy Upgrade (again)

® Larger Aperture RF Cavities

® Linac Beam Chopper

® Beam Tube/Perforated Liner

® Aggressive Collimation of Losses

®* Magnet End Shims (improved field shape)
® More, Better Dampers

® Modernize LLRF System

®* Upper 8 GeV Line (Injection Accumulator)
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Proton Driver | Synchrotron

® Proton Driver for
2001 Neutrino Factory
Design Study

*Exceeded Minimum
Specs for Ml Injector

$242M + 30%Tax
~$315 M
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Proton Driver Il Synchrotron

PROTON
DRIVER
{8 GaV BODSTER )

® Optimized for 5x
more protons in M|

RO

~$200M + 30%Tax
~ $260 M
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Proton Driver Il Synchrotron

® Proton Driver Study Il is for an 8 GeV, 0.4 MW
synchrotron, upgradeable to 2 MW. It is smaller, but
also cheaper, than Proton Driver |.

® Design features:
— Same size as the present Booster (474.2 m).
— Racetrack shape in a new enclosure.

— Transition-free lattice with zero-dispersion long
straights.

— Reuse of the existing 400 MeV linac, addition of
another 200 MeV rf ? Total linac energy 600 MeV.

- 3x107% protons per second at 8 GeV (=380 KW )
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Proton Driver Il Synchrotron

Parameter Table

Parameters

Present
Proton Source

Proton Driver

Linac (operating at 15 Hz)

Kinetic energy (MeV) 400 600
Peak current (mA) 40 50
Pulse length (us) 25 90
H per pulse 637210 28?10
Average beam current (LA) 15 67
Beam power (kW) 6 40
Booster (operating at 15 Hz)
Extraction kinetic energy (GeV) 8 8
Protons per bunch 6210" 3210
Number of bunches 84 84
Protons per cycle 5210 25?210"
Protons per second 7.5210" 3.75? 10"
Normalized transverse emittance (mm-mrad) 15p 40p
Longitudinal emittance (eV-s) 0.1 0.2
RF frequency (MHz) 53 53
Average beam current (LA) 12 60
Beam power (MW) 0.1(*%) 0.5

Fermilab Proton Driver Project /

(*) Although originally designed for 15 Hz operations, the present Booster has never
delivered beam at 15 Hz continuously. In the past it used to run at 2.5 Hz. In the near
future it will run at 7.5 Hz for the MiniBooNE experiment
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Main Injector Intensity Upgrade

? RF: Major upgrade. Need a second power amplifier
for each cavity (and 4 more cavities for synch).
Power supply: moderate upgrade.

Magnet: OKk.

Cooling capacity: Ok for magnet, but need to be
doubled for rf.

Gamma-t jump system: New.

Large aperture quad: New.

Collimation system: New.

Passive damper and active feedback: New.

Stop band correction: New.

Shielding: OKk.

NuMI and other 120 GeV Beamlines: Under study.

http://www-bd.fnal.qov/pdriver/
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Conclusions on Synchrotron Proton Drivers

® Two Excellent Design Studies Completed

http://www-bd.fnal.qov/pdriver/

® Feasible and Affordable ~ $250M
®* Will Feed 2 MW upgrade of Main Injector
— 95x current Proton intensity

® Great Benefits to Neutrino and FT Programs
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8 GeV Superconducting Linac

® New idea incorporating concepts from both SNS and TESLA.

— Copy SNS Linac design up to 1.3 GeV
— Use “TESLA" Cryomodules from 1.3 - 8 GeV

— H™ Injection at 8 GeV in Main Injector

==> “"Super-Beams” in Fermilab Main Injector:
— 2 MW Beam power at BOTH 8 GeV and 120 GeV
— Small emittances ==> Small losses in Main Injector
— Minimum (1.5 sec) cycle time

— MI Beam Power Independent of Beam Energy
==> (flexible neutrino program)
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8 GeV S.C. Linac Can Accelerate
electrons, positrons, H- and protons

® The linac pulses at 10 Hz, but the M| only uses 0.6 Hz.
® The last 7 GeV of the linac can accelerate e+- or P

— Requires fast ferrite phase shifters (complete SNS R&D)
® Other possible missions for unused linac cycles:

— 8 GeV electrons can drive XFEL

— 8 GeV neutrinos, Spallation Neutron or Muon sources, etc.

— 8 GeV Linac could eventually become e+ pre-accelerator
for TESLA @FNAL
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8 GeV Superconducting Linac
Possible Sitings for Ml Injection
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8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory
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8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory
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8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory
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8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory

Bamping Rings
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With § GeV e+ Preacc. .

1
|

: { Ge\/: Linac

o 700m Active Length

e!\.

N \ Short Basellnef\?
\Detector Array




8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory

Bamping Rings
for FESLA @ FNAL _
With 8§ GeV e+ Preacc. ™\

2+ 700m Active Length

e!\.

N \ Short Basellnef\?
\Detector Array ¢,

: { Ge\/: Li nac |




8 GeV Superconducting Linac

With X-Ray FEL, 8 GeV Spallation & Neutrino Sources and Neutrino Factory
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120 GeV Main Injector Cycle

with 8 GeV Synchrotron

Beam Energy [GeV)
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SYNCHROTRON INJECTION
Main Injector: 120 GeV, 0.56 Hz Cycle, 1.67 MW Beam Power
Surplus Protons: 8 GeV, 11.7 Hz Avg Rate, 0.39 MW Beam Power
8 GeV Synchrotron Cycles 2.5E13 per Pulse at 15Hz
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120 GeV Main Injector Cycle
with 8 GeV Linac, e-and P

Beam Energy [GeY])

Main Injector: 120 GeV, 0.67 Hz Cycle, 2.0 MW Beam Power

Linac Protons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power

Linac Electrons: 8 GeV, 4.67 Hz Cycle, 0.93 MW Beam Power
8 GeV Linac Cycles 1.5E14 per Pulse at 10Hz

140
120 - Main Injector Energy
Ml Energy
04/ \ | == H- Injection
8 GeV Protons
Electrons
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8 GeV Linac Allows Reduced MI Beam Energy
without Compromising Beam Power

Main Injector: 40 GeV, 2.0 Hz Cycle, 2.0 MW Beam Power

Linac Protons: 8 GeV, 4.0 Hz Cycle, 0.8 MW Beam Power

Linac Electrons: 8 GeV, 4.0 Hz Cycle, 0.8 MW Beam Power
8 GeV Linac Cycles 1.5E14 per Pulse at 10Hz

140
120 -
Ml Energy

04 ] e e H- Injection
= 8 GeV Protons
= Electrons
@ 80 -
=
o
g
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Main InjectorEnergy
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MI cycles to 40 GeV at 2Hz, retains 2 MW MI beam power
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Running at Reduced Proton Energy
Produces a Cleaner Neutrino Spectrum

Running at 40 GeV
. reduces tail at
higher neutrino
energies.

L = 1290 km .
proton power = 0.4 MW
Solid: 120 GeV protons

Dashed: 40 GeV protons
Same number of

events for same
beam power.

10 15 20 25 30 35 40 45

E(r) (GeV)

S0
(Plot courtesy Fritz & Debbie)
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Injector Linac Parameters
® Beam Energy = 8 GeV

— Same as existing Booster

— Anywhere from 5~15 GeV would be OK
® Beam Pulse: 25mA x 1msec

— Same as SNS (==> Beam Physics Studied)

— Fills Main Injector at 5x Design Intensity (2 MW)
® Rep Rate: 10 Hz (Ml uses only 0.6 Hz)

— Same as TESLA FEL(==> Multi-Beam Klystrons)

— 2 MW stand-alone beam power for other uses
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Superconducting Linac

Parameters
8 GeV LINAC
Energy GeV
Particle Type H- lons, Pro
Rep. Rate Hz
Active Length m
Beam Current mA
Pulse Length msec
Beam Intensity P / pulse
P/hour
Linac Beam Power MW avg.
MW peak

MAIN INJECTOR WITH 8 GeV LINAC

MI Beam Energy
MI Beam Power
MI Cycle Time
MI Protons/cycle
MI Protons/hr
H-minus Injection
M|l Beam Current

Fermilab Proton Driver Project

Bill Foster

GeV
MW
sec

P/ hr
turns
mA

8

Project Info:
tdserverl.fnal.gov/project/8gevlinac

s, or Electrons

10

671

25

1
1.5E+14
5.4E+18
2

200

120

2.0

1.5
1.5E+14
3.6E+17
90

2250

(can be H-, P, or e-)

filling time = 1msec
S5x design

SNS = 1060 turns

BNL APS/UCLA Neutrino Workshop ~ March 3, 2004 Page 21



Multi-Mission 8 GeV Injector Linac

"Super Beams"
for Main Injector

Neutrino Plf'OgI"Clm Low Emittance

Proton Beams to
Tevatron Collider
and VLHC

Anti-Proton
Production

Meson 120

(CKM +) Future Muon
H- Tons Target
8 GeV 7~ X | Spallation
Protonsk 8 GeV . . Fast Spill {/ )If Target
Superconducting Linac (B0oNE) \__
=
______ - 8 GeV
p ~ FT
~ 1.5% Linear Collider Systems Test
e_
photoinjector
X - Ray
Free Electron Laser
e+ target e+ Damping Ring (XFEL) User Facility
(TESLA@FNAL) (TESLA@FNAL)
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Benefits of 8 GeV Injector Linac

® Benefits to neutrino and Fixed-Target program
— solves proton economics problem: > 5E18 Protons/hr at 8 GeV
— operate MI with small emittances, high currents, and low losses
® Benefits to Linear Collider R&D
— 1.5% scale demonstration of TESLA economics
— Evades the Linear Collider R & D funding cap
— Simplifies the Linear Collider technology choice
— Establishes stronger US position in LC technology
® Benefits to Muon Collider / Neutrino Factory R&D
— Establishes cost basis for P-driver and muon acceleration
® Benefits to VLHC: small emittances, high Luminosity
— ~4x lower beam current reduces stored energy in beam
— Stage 1: reduces instabilities, allows small beam pipes & magnets
— Stage 2: injection at final synchrotron-damped emittances
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8 GeV Superconducting Linac
TECHNICAL SUBSYSTEM DESIGNS EXIST AND WORK

. . . & Ca¥ byactar . )
SNS Cavity Fabrication ! 8 GeV Linac Cryomodules - 4 Types

° o

Deep drawing & Dumb-bells
machining

Beta= 0.47 (RIA)
%]H 87-175 MeV

- 2 Cryomodules
uH 16 Cavities (RIA)

\
“H it =i e ‘unméwww»ﬂ sl Rt &MH ‘\

f
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Beta= 0.61 (SNS)
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36 Cryomodules

288 Cayitie:

SNS Cavites FNAL/TTF "TTF Style" Cryomodules
Modulators

805 MHz RF Distribution in Tunnel

> i o o FAONT END BUILDING
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e 2
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8 GeV Linac Baseline 2 MW

4025 Mz Warm Copper
Drift Tube Linac
402.5 MHz

|

|

| SNS Klystrons (7 total)

- 0 - 87 MeV

Y |

8 GeV 2 MW LINAC
41 Klystrons (3 types)
31 Modulators 20 MW ea.
7 Warm Linac Loads
48 Cryomodules
384 Superconducting Cavities

8g%gﬂHz Superconducting "SNS" Linac
| Klystrons

‘ SMW 12 cavites/ Klystron 8 cavites/ Klystron

|

805 MHz
|B=0.47| |B= 047HB 0.61}B=0.61| B= 061HB 0.81] B= 081HB 0.81] B= 081HB 0.81] B= 081HB 0.81

0.087 - 1.2 GeV

10 Klystrons
| 96 cavites in 12 Cryomodules

T T T T T I T O A I

| Beta=1| Beta=1| Beta=1| Beta=1) Beta=1| Beta=1) Beta=1 Beta=1) Beta=1| Beta=1| Beta=1| Beta=1| Beta=1 Beta=1) Beta=1 Beta=1| Beta=1| Beta=1|

"TESLA" LINAC 1207 MHz Beta=1 2% Kbstrons

288 cavites in 36 Cryomodules

T T O T T I T B

| Beta=1| Beta=1| Beta=1| Beta=1) Beta=1| Beta=1) Beta=1| Beta=1) Beta=1| Beta=1| Beta=1| Beta=1| Beta=1 Beta=1| Beta=1 Beta=1| Beta=1] Beta—1\




0.5 MW with TESLA Frequencies & SCRF F.E.

325 MHz "Pulsed RIA" 8 GeV 0.5 MW LINAC
T vioduiators 20 Vi ea.

Phase & Amplitude Adjust via Fast Ferrite Tuners

| |
| |
Klyst . 12 Klystrons (2 types
1 _gsl\/lr\c/)\r;s Multi-Cavity Fanout at 10-20kW/cavity S C R F L I n a C ‘ y ( y )
\
| |
| \

i B} (65R |[S8R | 8ok | Dok | 1bsR 1 jpsr] 020 MHZ 54 Cryomotules
e 0-120 MeV ) ~550 Superconducting Cavities
i * * "Squeezed TESLA"
1300 Mz Superconducting Linac
48 cavie! Kiyston 1300 MHz 0.087 - 1.2 GeV

{ B=O.47H B=0.47 H B=0.61 HB=0.61 HB=O.6‘I H B=0.81 H B=0.81 H B=0.81 H B=0.81 H B=0.81 H B=0.81 HB=0.81 } 2 Klystrons

96 cavites in 12 Cryomodules

TESLA
Klystrons
1300 MHz

10 MW

36 cavites/ Klystron

| Beta=1| Beta=1 Beta=1| Beta=1

Beta=1| Beta=1| Beta=1| Beta=1| Beta=1 Beta=1| Beta=1| Beta=1) Beta=1) Beta=1| Beta=1| Beta=1| Beta=1| Beta=1]

"TESLA" LlNAC 1300 MHz Beta=1 8 Klystrons

288 cavites in 36 Cryomodules

- =  m m




Proton Source Linac Front End

® Original FNAL
Cockroft-Walton

Hitachi / AccSys PL-7 RFQ with one DTL tank




Hitachi / AccSys Source/RFQ/DTL

® AccSys PL-7 RFQ with
one DTL tank

3B, 3
_ = _ .
ELYSTROMN
iy 1 [
RFO ‘
" — I L
R | =i == *'::"‘ B PP, APy ST "?-_*——ff—-'-:_ e e e i R T R i S [ T
L --|- T I [1= [ ]' I '|' = | [ i [ '-—--— _,._,._.__ EES e B
L= + 1 .r 1 L 1" |, l]_l-l:

® Appears to have shorter length and lower price
than cloning the SNS Linac, for 10 Hz operation

’
D. Young’s work...
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8 GeV Linac Cryomodules - 4 Types

i tog7omm 1 Beta= 0.47 (RIA)
W B N oy s e R s s o a mﬁﬁ[ﬂw 87-175 MeV

@M}{M}{M}ﬁ _____ @ﬂ}lﬂ}lﬂ}ﬂmﬁ _____ @Wﬂﬂmﬂ]}ﬁ EQ]MWH@! wjﬂﬂ}{ﬂﬂ}{ﬂﬂ}ﬂ _____ mjmlﬂ]lm{mﬂﬂ}ﬁ ______ @ﬂbﬂkﬂ}wﬁ @MWM}EI 2 Cryomodules

16 Cavities (RIA)

11190mm Beta= 0.61 (SNS)
KH-HM J 1155 mm 1155 tam ‘ J 1155 mm ' 1155 mm | 1155 mm | 1155mm ‘ J 1155 mm i 1155 mm i 175 - 400 MeV
D00 A 2 comones
24 Cavities
“ 1 H= :;”ﬁ"‘ [ 5= 1 Pt
Beta= 0.81 (SNS)
| 12790mm .
KHH” — ‘ 0.4-12GeV
mn ‘i‘ 1380 rom 1380 am 1380 am |ﬂ 1380 am 1380 rom 1380 ‘i‘ 1380 rom 7 Cryomodules
ﬁ“mi e m;mﬂ}ﬂ}ﬂ)ﬂ}mﬁ ------------ @Wﬁ E@Dﬂ}ﬂ}ﬂ}mﬂim @W@‘ ------------ @“mﬂm fﬂﬂﬂ}ﬂ}ﬂ}ﬂ}ﬂﬁ @Wﬁ“ """""" @W (i w 56 Cavities

i 14060mm i

ﬁimnnﬂ i 1370 mm i 1370 mm i

i 1370 mm i 1370 mm i 1370 mm 1200 mm 1370 mm 4 1370 mm i T
e D0000000 = 0000000 000505 0000 e O0NIOI==I00000 | | HT

Fesiad’
e

T = o 12-8GeV
= = = 36 Cryomodules

9 Cell Beta=1 Cavities, 1207.5 MHz 288 Cavities
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Superconducting Cavity Gradients

Cavity Accelerating Gradient and Real Estate Gradient 8 GeV design
Epeak = 45MV/m in all cavities, Phi_Synch = -25 to -16 degrees
. assumes peak
field in cavities
25 Accelerating
Beta = 1.00 Gradient Eacc Of 45 MV/m .
Beta=0.81l
= 20+ *TransitETailcnce Factor
§ #Cos(Phi_Synch) ]
] SNS:
- 15
5 37.5 MV/m
S Real Es tate
o Gradient
O 10

TESLA(500):
| 47 MV/m

TESLA(800):
L s e s 20 st sol st ~70 MV/m

Cavity Number
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New results: Beta=0.47 Cavity Tests
MSU/JLAB/INFN for RIA

RIA 805 MHz 6-cell $=0.47 (R1A6-1Sept. 2002)

1.00E+11

b e e o o .

S 1.00E+10
RIA Design FB GeV

1-005'-09 LI | ™T LI | ™T LI | T T T T T T T T T T T T T T T T T
01 2 3 45 67 8 9 10111213 14151617
Eocc [MV/m]

® Beta=0.47 cavites now exist and exceed specs
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SNS Cavity Costs

® We have graciously been given access to SNS
actual costs for ~110 completed SCRF RF
cavities, tanks, tuners, couplers, etc. including
final chemistry and assembly labor.

(Thanks to N. Holtkamp, E. Daly, Katherine Wilson)

® The 8 GeV Linac needs 416 cavity assemblies
==> $35M for 8 GeV Linac

® This assumes:

— no quantity discount or rebate for existing
tooling

—that 1.2 GHz 9-cell cavities are the same price
as 805 MHz 6-cell SNS cavities of same length
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8 GeV Cryomodule Costs

® Costs for SNS cavity assemblies and RF
power couplers integrated into TESLA-style
cryomodules were estimated by T. Nicol (TD)

— Tom is the project manager for US LHC
cryostats

— USLHC requires ~270m of cryostats, 8 GeV
~ 650m

® Final Cost including cavities, cryostats, RF
couplers, EDIA & labor, no contingency:

— 52 Cryomodules @ $1093k ea. = $57M
... this is the biggest single cost component
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TESLA-Style Cryomodules for 8 GeV

( T. Nicol )

Vacuum vessel

Cooldown/warmup

~5 K shield

~80 K shield

(40" OD)

Helium gas return

2-phase supply

) Cavity and helium vessel

Outer bellows and

///”— . flange envelope

1270mm

== \\\\x——Support spider

——Input coupler

4 0m

Py

Design
conceptually similar
to TESLA

No warm-cold
beam pipe
transitions

No need for large
cold gas return
pipe

Cryostat diameter
~ same as LHC

RF Couplers are
KEK/SNS design,
conductively cooled
for 10 Hz.

(R. Rabehl)
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RF - Klystrons

® 402.5 MHz /2.5 MW (7 total)
SNS Actual

®* 805 MHz/5.0 MW (10 total)

TESLA Design

Scaled by ~ 7%
from 1.3GHz

\_Y_l

®*1207.5 MHz /10 MW (36 total)
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® Biggest single
component in RF costs

* Pfeffer, Wolft, & Co.
(FNAL BD) have been

making TESLA spec
modulators for years

® FNAL Bouncer design
In service at TTF since
1994
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IGBT / Capacitor Discharge circuit

Modulator Circuit

Redundant Switch with Ignitron Crowbar
Pulse Transformer 10kV to 130 kV (typ.)

it

AC

|CﬂN’I‘RﬂLLER

I3

OIL FILLED TANK.

o
® Bouncer to maintain flat top
[
[
(o] e

IGBRT SWITCH
_wygm

CROWBAR
iH 50
0.082 —MH
g B
1400 uF| IGNITRONS 12 IGRTSs

Fermilab Proton Driver Project

/

Figure 1, Overall Schematic of Modulator

H. Pfeffer, D. Wolff, & sons.
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Fast Ferrite Phase Shifter R&D

®* Provides fast, flexible drive to individual cavites
of a proton linac, when one is using a

TESLA-style RF fanout. (71 klystron feeds 36 cavities)

® Also needed if Linac alternates between e and P.

® This R&D was started by SNS but dropped due to
lack of time. They went to one-klystron-per-cavity
which cost them a lot of money (~$20M / GeV).

Making this technology work is key to the
financial feasibility of the 8 GeV Linac.
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RF Fan-out for 8 GeV Linac

A. Moretti, D. Wildman

; KLYSTRON;

35 foot
waveguide
from gallery
to tunnel
DIRECTIONAL
COUPLER
1/8 Power Split ﬁ/7 Power Split ﬁ/ﬁ Power Split 1/5 Power Split ﬁ/4 Power Split ﬁ/3 Power Split ﬁ/z Power Split
(9.03 dB) (8.45 dB) (7.78 dB) (6.99 dB) (6.02 dB) (4.77 dB) (3.01 dB)

CIRCULATOR/
ISOLATOR

E-H TUNER

A, Al 1, o ot o o s o e

Tee
Ferrite
Loaded
Stub

"/ "/ "/ "/ "/ ] > >
CAVITY
BEAM »— \ — S — L -/  \-—-—/)  \—-——}) A/ __\__ /)
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RF Fanout at Each Cavity

KLYSTRON
KLYSTRO - RF Power Source
- Located in Gallery above tunnel
- Each Klystron Feeds 8-16 Cavities

35 foot
waveguide
from gallery
to tunnel

DIRECTIONAL COUPLER

DIRECTIONAL

COUPLER - Picks of a fixed amount of RF power at each station
) - Passes remaining power downstream to other cavities
prealicg” CIRCULATOR /ISOLATOR
O) - Passes RF power forward towards cavity
- Diverts reflected power to water cooled load
E-H TUNER E-H TUNER
Fwe 7, Provides Phase and Amplitude Control for Cavities
L;g:d - Biased Ferrite Provides Electronic Control
G SUPERCONDUCTING RF CAVITY
sean o \TY) - Couples RF PowertoBeam
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RF DISTRIBUTION FOR
ONE 805 MHz CRYOMODULE

(12 total )

%
.
A
/
|

No Active Electronics in Tunnel
— only Ferrite & Bias Cails.
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ELECTRONICALLY ADJUSTABLE

E-H TUNER
MICROWAVE INPUT POWER .
from Klystron and Circulator Attractive
E H Reflected Power PI'iCG QU.OtC
- (absorbed by circulator)
TU N E R / ATTENUATED from AFT
! OUTPUT
| TO CAVITY (=< Klystron)
ELECTRONIC TUNING |
WITH BIASED FERRITE /L //
| /// FERRITE LOADED
Ferrite == | T = SHORTED STUBS
Loaded [ ‘ l — ' CHANGE ELECTRICAL
Stub || A5 S >j Lt LENGTH DEPENDING

fie o % Magic Tee ; ON DC MAGNETIC BIAS.

TWO COILS PROVIDE INDEPENDENT
PHASE AND AMPLITUDE CONTROL OF CAVITIES
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Ferrite Phase Shifter
High-Power Test Stand

il A. Moretti, D. Wildman, N. Solyak, Y. Terechkine

3 o 805 MHz Klystron

R °® 12 MW x 100usec
(need: 0.5 MW x 1 msec)

First goal:

=1l g

1

= NSDLIY WD)
-i
i =
i 114dNS WD
N |
i

P
9
A o <k
i

'- I See if existing YIG
. tuner functions at

8 500kW. (yes!)

o el
L — M Ultimate Goal:

R,
-'.'Eﬁ. i

.. 0.2 dB loss for
Hybrid Lransition ,
Tee .

360 deg. phase
<t shift

Ferrite | i in 100~500usec.

Bias
Su 0Je 1

¥
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TESLA Single Tunnel & Klystrons
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KG FINIEH
EL =730/

3

KLYSTRON GALLERY ENCLOSURE

15

Lig
FIRET 1M OF LINAC
LAST 3/ [F LINAL

o s S Lo

15

BEAMLINE ENCLOSURE

L EN

ol S i

TYPICAL SECTION THROUGH LINAC

SHOVWNG BOS MHz KLYSTROM AND CAVITY

semn = 2 = FERMI MATIONAL ACCELERATOR LABORATORY
T F 1" - 5N -
2 SCALE FEET 8 GEV LINAC STUDY
o Z CROSS SECTIONS
e S e aes (GuBed TDR-3 [~
Fermilab Proton Driver Project / Bill Foster  BNL APS/UCLA Neutrino Workshop — March 3, 2004 Page 45




FRONT END BUILDING

30

BL FINISH FLOOR
EL=7T

SECTION THRU FEB /" A™

. Sy o7
% k PLAN VIEW - FRONT END BUILDING
e = seae: . 20 w© FERMI NATIONAL AGGELERATOR LABORATORY
i . FEET | e 8 GEV LINAC STUDY
- e FRONT END BUILDING
= [ TDR-5 |~

Fermilab Proton Driver Project

/

Bill Foster

BNL APS/UCLA Neutrino Workshop
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NOTE: FOR A MORE DETAILED CROSS SECTION OF THE
ENCLOSURES SEE SHEET TDR-3

ER i
& \\\\\ \ i I
AT .
5T 1M, kt&fi" &
#KGHNBH FLOOR o g (F\"M\ Enck gsyke S
B =730 = — i __ Lt F A

SECTION NEAR FRONT END /A"

TBERM

tdr1
KLYSTRON GALLERY
ACCESS BUILDING
ACCESS TO GALLERY
EGRESS TO OUTSIDE

ROQAD
B =~748 — i
20 18 TIRERM
1 P el EL = 756"
= NI / &
) \é in "f-‘!fq:\\-\ BEAMLIN / a0
L| O ALINE v
KGFINISHALOOR B JyC}& ::\ji‘% :‘f“' = \L‘{\I’ :.(f}&-}y'zé; o
M kY L

g LE ' 3 <=2

F AN EGRESS )

2/

SECTION NEAR MAIN INJECTOR /B

SHOWING TYPICAL EGRESS AND SURFACE ACCESS BUILDING tdr1

SIS

EXIST, GRADE
EL =753

stars uP_ [T | et =
el Ly il

EGRESS PLAN VIEW

KLYSTRON GALLERY

tdr2
ACCESS BUILDING
ACGESS TO GALLERY
EGRESS TO OUTSIDE \7 T/EERM
el B = 765"
O
BaaT =] ST
Sl I Il
o = =
KG FINISH FLODR T el I %mf%
TR0 i =T
HIE == =
ﬁwn? Ly L
EL=71T =

1=l
Y T P »
WP LN,
SEN AN RN AANANANA

EGRESS ELEVATION /B
\r2/

s SCALE: FERMI NATIONAL ACCELERATOR LABORATORY
20 0 20 40
1" = 20-0" ™ s ™, ] ke
SCALE FEET 8 GEV LINAC STUDY
- CROSS SECTIONS
s Gea@eB TDR-2 [=
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MAIN INJECTOR CONNECTION

AN N TR T
HEW CARRIER

OFTIOMNAL
DEBLUNCHER
SERMICE BUILDING

HEWY 8 GEY LENAC

DUMP - SINILAR TO M DUMP

PIPE

RELOCATED MAIN
IMIECTOR ROAD

NEW B GEV LINAC
HLYSTRON GALLERY

PLAN
- : ; : PROPOSED PROFILE-ALONG BEAMLINE TEO
B EXISTING PROFLE /___\
: R St adiies P — e ST o : ~ 140

2 i BEHIMD

T ABOLF 247 [DiA R

- CARRIER PIFE: i x

: : : B GEV LINAC BEAMLINE ENGLOSURE-
S e o e o o G R RS T Kl | ki Mk : ; -
- RAAIM INJF-\... URFNLLJHUEF l,:d______~——' H EL=T17"
EL= 3 = 8 E—
£ 7o
PROFILE ALONG 8 GEV LINAC
: o Al SCALE: FERMI HATIDNAL ACCELERATOR LABORATORY
s 100 L] 100 200
e 1000 e ———] we Lo
HORIZOKTAL  SCALE FEET
e A 5 - o | 8 GEV LINAC STUDY
R = __ e " MI TIE IN PLAN AND PROFILE
e —- e WERTICAL SCALE FEET
— — s Gead TDR-4 |.L.
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Cryo / Pump Building

° ;;‘3383:'2* = | i‘ CPW Supply (570 TON)
-108 1400 GPM (2.0 MW)
eV Linac &5 |—EY
COOLING . POND PUMP VAULT
2.0 MW | 12 rjfag..
22| | B
>
ystem s
i e e POND MAKE-UP WATER
e FROM MAIN INJECTOR
— RING COOLING PONDS
o )
CPW Supply 15 Acres Pond Area
Lo00 CEMU10ZMW) 43 MW Max. Heat
10#4 10 % Rejection
Low supply || Rewrn  Test Stands (3
KLYSTRON GALLERY 4009 GPM " | | 107 deg.F (nom) @) Debuncher Cavity
T Moduialors, 37 Kiysirons, 5.9 M E[] deg. F (41 degC) . -
G cader_ (3205GC) 45 PS & Service Building
Q B85 PSI 9 Q

iE

L

i

1

ons (10}

LINAC TUNNEL

388 RF Distribution Loads 1.7 MW/ fof.

TR

Tur

RFC & DTL 081
Warm E
Linac

LITE

1207.5 MHz Klystrons (24)

Beta = 1 Superconducting Linac

Ona RF Circulator
and Ong Water Load
per Cavity (392 total)

BEAM ABSORBER
ISOLATED WATER

i

SUPPLY AND I i

MAKE-UP WATER
FROM MAIN
INJECTOR RING

LCW SYSTEM

==

524 6P

Debuncher
SCRF Cavity

' { I

COOLING LOOP Q [

2 MW max. I

10kW typ.
| 358 m | 337m —l 280 m —————==
FERMI NATIONAL ACCELERATOR LABORATORY
. 8 GEV LINAC STUDY
- L. 2
6-9-3 TDR-8
Fermilab Proton Driver Project / Bill Foster  BNL APS/UCLA Neutrino Workshop — March 3, 2004 Page 49




More Design Details

® 130 Page Design Study
® Longer (technical) versions of this Talk

® Cost Estimate Spread Sheet w/ BoE

http://tdserveri.fnal.gov/project/8GeVlinac

Fermilab Proton Driver Project / Bill Foster  BNL APS/UCLA Neutrino Workshop — March 3, 2004 Page 50



COST ESTIMATE (online)

Cryomodules

Civil Construction

RF Distribution

Modulators & Pulse Transformers
Project Management

Electronics

Klystrons

Front End & DTL (without RF)
Cryogenics

Transfer Line, Injection, & Dump

0 10,000 20,000 30,000 40,000 50,000 60,000
Cost ($k) w/o Contingency

$284 M +30% Tax = $ 369 M
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Staging and Cost Optimizations...?

® Build the new copper front end ASAP and get it off

the budget. Useful for Synchrotron or Linac.

® Triple the pulse width and cut the number of SCRF

Klystrons and modulators to Twelve

Reduces stand-alone beam power to 0.5 MW but preserves 2 MW in Ml

®* Assume TESLA 800 surface fields will work:

— Baseline 5 GeV linac by assuming TESLA 500 gradients,

— Deliver 8 GeV linac by achieving TESLA 800 gradients.
384 Cavities ==> 240 cavities ; Linac Length: 650m ==> 400m
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Conclusions

® Either 8 GeV Synchrotron or SCRF Linac technically

feasible with existing components & known costs.

Exception: Fast Ferrite phase shifters need demonstration

® The 2 MW SC Linac Option is somewhat more
expensive than the 0.5 MW synchrotron but has a

number of advantages and secondary missions.

® Fermilab is preparing CD-0 documentation for the

Proton Driver.
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